Background: It remains unclear whether response rate (RR) is related to survival benefit in phase III trials of advanced cancer treated with molecular targeted agents (MTA) in combination with standard therapies.
introduction
In recent years, targeted therapies have become an important modality in cancer treatment. A growing number of new agents targeting molecular pathways are tested individually or in combination with standard treatments in clinical trials. Gaining higher response rate (RR) has usually been determined as a primary end point in phase II studies evaluating the efficacy of new cytotoxic drugs [1] . However, molecular targeted agents (MTA) appear to be different from cytotoxic agents in their tumor-killing mechanism, and therefore, RR might not be an appropriate end point for phase II or screening studies of MTA [2, 3] . Of course, demonstrating an association of RR and survival in phase III trials does not imply that RR can be used instead of survival for registrational trials. The latter use of a surrogate requires a stronger relationship such as was shown by Sargent et al. [4] and used in the decision to approve oxaliplatin for adjuvant colon cancer.
We have recently indicated that RR could be a surrogate marker for survival in the clinical trials of non-small-cell lung cancer treated with gefitinib or erlotinib [5] . However, as noted above, to enable registrational trials to use RR instead of survival would require a dataset indicating that a surrogate threshold effect (STE) was exceeded by the RR found in the particular registrational trials. El-Maraghi and Eisenhauer [6] reported that objective RR seemed to be a useful end point for new targeted agents because, in their review, its observation was predictive of regulatory approval for US Food and Drug Administration. However, their analyses were limited to trials of single agents, and the authors did not discuss if their conclusions were valid for combinations of MTA with cytotoxics or others.
It is not easy to predict the effectiveness of combination therapies from results of their single-agent studies [7] . Consequently, not only single-agent phase II studies but also combination phase II studies seem to be necessary to investigate whether there is enough evidence of benefit of the new combination to warrant a phase III combination trial. Therefore, it is crucial to identify appropriate end points of combination phase II studies.
The purpose of this study is to investigate through a systematic review of publications whether RR is useful to predict survival benefit in phase III trials of advanced cancer treated with MTA in combination with standard therapies. To our knowledge, this is the first analysis investigating the relationships between RR and survival benefit in phase III trials of MTA in combination with standard therapies. As many targeted agents continue to be used in combination with established chemotherapies, it is important to discuss this issue considering novel agents yet to be developed.
materials and methods

literature search and data extraction
We carried out a systematic search of PubMed for randomized phase III trials examining the efficacy of MTA when added to a standard therapy. We targeted randomized phase III trials evaluating survival benefit which compared a combination therapy of a standard therapy and MTA with the standard therapy alone or with a placebo. All trials that had been reported by 31 May 2009, were targeted. Biotherapy such as immune therapy or hormonal therapy was not considered as a molecular targeted therapy in our analyses. We defined four common solid cancer types (lung, colorectal, breast, and renal cell carcinoma) on which to focus.
Systematic search was carried out using the key words lung cancer, colorectal cancer, breast cancer, and renal cell carcinoma. All searches were limited to 'English language' and 'clinical trial, phase III' or 'randomized controlled trial'. Retrospective subgroup analyses of phase III trials were not included. Trials involving radiation therapy or using MTA as adjuvant, neoadjuvant, or consolidation therapies were excluded from our analysis.
For each trial, data on sample size, primary and secondary end points, RR, overall survival (OS), progression-free survival (PFS), time to progression (TTP), types of MTA, and therapy regimens were collected. Also investigated in each study was whether statistically significant benefit of OS or PFS was observed in an experimental arm of MTA compared with a control arm. When available, hazard ratios (HRs) for OS and PFS were collected. We also recorded data of study designs on response evaluation to assess heterogeneity across studies.
All phase III studies were retrieved independently by two investigators (KT and TT) to assess the reliability of data extraction.
statistical analysis
For each trial, the difference in RR (DRR) was calculated as the estimate in the experimental arm minus the estimate in the control arm. Using Student's t-test, we examined whether there are any differences in the distribution of DRR between trial arms which showed survival benefit and those which did not show survival benefit. In addition, we calculated the area under receiver operating characteristic (ROC) curves (AUCs) to examine the accuracy of DRR to predict survival benefit in phase III studies. A binormal ROC curve was fitted to DRR for positive and negative groups classified by the presence of significant benefit in OS or PFS. By use of the actual value of DRR, a computer program (ROCKIT program [8] , kindly provided by Metz, The University of Chicago) was employed for estimating binormal ROC curves as well as the AUC value and its 95% confidence interval.
Linear regression analysis was carried out to evaluate the correlation between DRR and HR of OS or PFS. In this model, the prediction bands were calculated and the STE was determined by the intersection of the upper prediction band and the HR = 1 line. This method estimates the threshold level of a surrogate needed in a new individual clinical trial to predict gain in the target outcome [9] . Concerning the heterogeneity of the tumor types, linear regression analysis was also carried out limited to only lung cancer studies and colorectal cancer studies. Given the small number of studies for the other tumor types, insufficient data were available to carry out statistical analysis. Linear regression analysis was also employed to evaluate the correlation between HR of PFS and that of OS.
A P value <0.05 was considered statistically significant, and all reported P values were two sided. All statistical analyses except those of ROC were carried out using SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL).
results
study characteristics
We identified 26 phase III trials of MTA with a total of 21,156 patients and 29 experimental arms of MTA in combination with standard therapy. The baseline characteristics of the 26 trials are shown in Table 1 . There were 10 lung cancer studies, 7 colon cancer studies, 6 breast cancer studies, and 3 renal cell carcinoma studies.
The sample size of each arm with MTA ranged from 228 to 1401, with a median sample size of 773 patients. Four trials included death in the definition of TTP, and therefore, they were calculated as PFS in our analysis. Twenty-five study arms with MTA contained mature data of PFS, and 12 of them reported statistically significant benefits of experimental arms (arms with MTA) compared with control arms. In contrast, 25 study arms with MTA contained mature data of OS, and 5 of them reported statistically significant benefits. RR was reported in all included studies, and DRR ranged from 27.9% to 20.0% (median: 5.5%).
A primary end point and data on response evaluation in each study are summarized in supplemental Table S1 (available at Annals of Oncology online). In the trials we used, the primary end point most frequently used was OS, followed by PFS. In addition, there appeared to be some differences among each study in the methods of response evaluation.
validity of regression model
For all regression analyses, none of the tests for normality of error and heteroscedasticity were statistically significant.
RR and survival benefit
Studies which showed significant benefit in OS had higher DRR compared with those which did not show significant benefit in OS (P = 0.002, Figure 1A) . Similarly, studies with significant benefit in PFS had higher DRR compared with those without significant benefit in PFS (P < 0.001, Figure 1B) . In an ROC analysis, the AUC value and its 95% confidence interval for predicting the presence of significant benefit in OS by DRR were 0.903 (0.670-0.985) and that for predicting the presence of significant benefit in PFS by DRR were 0.910 (0.730-0.985) ( Figure 1C and D) . Both performed significantly better than random guessing of survival benefit. Using a 7% gain as threshold value for DRR allowed assessment of survival benefit with a sensitivity of 91% and a specificity of 70% in OS and with a sensitivity of 84% and a specificity of 85% in PFS.
Similar findings were observed in subgroup analyses of individual cancer types. A 7% gain of DRR significantly correlated with the presence of survival benefit in phase III study in each cancer type (supplemental Table S2 , available at Annals of Oncology online). Notably, all lung cancer studies with DRR no less than 7% showed significant benefit in at least either of OS or of PFS, whereas no lung cancer study with DRR <7% showed significant benefit in any survival.
RR and survival improvement
Eighteen studies with 18 arms for OS and 17 studies with 18 arms for PFS had data of HRs. There were significant relationships between DRR and HR for OS or PFS on unweighted linear regression analysis (P = 0.002 and 0.001, R 2 = 0.47 and 0.50, respectively, Figure 2A and B). The STE levels of DRR calculated from prediction bands were 21% for OS and 15% for PFS. The regression analysis weighted for trial size showed similar results (data not shown).
Linear regression analyses were also carried out limited to lung or colorectal cancer studies (Figure 2 ). Despite the number of evaluable studies being small, DRR in lung cancer studies showed strong relationships with both HR for OS and that for PFS. Similarly, a significant relationship was observed between DRR and HR for PFS in colorectal cancer studies.
PFS and OS
Only 14 studies reported both HR of PFS and that of OS. In unweighted regression analysis, HR of PFS significantly correlated with that of OS (P < 0.001, R 2 = 0.69; supplemental Figure S1 , available at Annals of Oncology online). The regression analysis weighted for trial size showed similar results (data not shown).
discussion
Possible interactions in therapeutic effects of MTA and standard therapies have made it difficult to predict the relation between clinical response and survival benefit. Our analysis showed, on average, that the addition of MTA to standard original article Annals of Oncology therapies increased RR. Additionally, increase of RR appeared to be closely related to survival benefit in phase III trials. These results indicated that some level of objective response increment may be required, even in combination with standard therapies, for a successful drug in phase III studies of targeted agents. In addition, the ROC analysis showed that the gain of RR was an accurate marker predicting, on average, survival benefit in past phase III trials with high sensitivity and specificity. These results may support the view that RR remains to be validated at least as an end point of randomized phase II studies for targeted agents in combination with standard therapies.
The regression model indicated that DRR was required to be larger than the STE level of 21% or 15% if it is to be used in place of survival in phase III studies. We think this cut-off point is appropriate in the statistical view, but it may be too high when we discuss practical use of RR in screening studies. In screening studies, we think adequate sensitivity as well as high specificity (statistical accuracy) should be considered to avoid inappropriate rejection of agents that actually have meaningful clinical benefit. Therefore, we applied the ROC model in our analysis as a supporting data of the regression model. Because the binormal ROC model employed the maximum likelihood estimation to obtain the binormal parameters and optimized to reduce the difference between an actual population and the sample data [36] , we believe that the ROC model was less effected by the size of cases in terms of the prediction bands or 95% confidence intervals. Considering the results of the ROC model, 7% might be appropriate for phase II studies to predict, on average, survival benefit in subsequent phase III studies. However, it should again be noted that for an individual trial to use an RR and impute, rather than measure, survival requires stronger datasets.
Some investigators have indicated that tumor response may not be a good surrogate for survival [37] , and time-to-event end points such as PFS may be superior to RR in regard to surrogacy for OS [38] . As the recommendation of the use of randomized phase II design increased in oncology, especially for the development of drug combinations [39] , there may have been a corresponding increase in the use of PFS as a primary end point of phase II studies. In our analysis, HR of PFS appeared to be closely related to that of OS, and we do agree that PFS may be an appropriate predictor for OS, at least in phase III trials. However, small randomized trials bring with them unavoidable issues such as high false-positive and -negative rates and unstable P values [40] . In particular, PFS has often been used as a primary end point in recent phase III studies, and therefore, the use of PFS as a single end point for a randomized phase II trial may render this an underpowered phase III trial. We believe that the use of RR, which is standardized and easily applicable to multicenter trials, in addition to PFS as an end point for randomized phase II studies could reduce these problems and give us further information which leads to successful phase III trials of MTA in combination with standard therapies. However, this interpretation requires a caution. We do not mean that RR can be used as a surrogate for survival in phase III trials. It requires a trial to yield DRR above the STE level of 21% or 15%, which may be a difficult test for a new drug. RR should be used as one of the screening measures in phase II studies, and thereafter, the presence of survival benefits should be investigated again in subsequent phase III studies. Our analysis has several limitations to be noted.
First, we have not covered a comprehensive review of all clinical trials including unpublished ones. Because negative studies would eventually stand a lower chance of being published, this publication bias can lead to an overestimation of treatment effect of targeted agents.
Second, the heterogeneity of study design in each trial may affect our results. The method of evaluating response is not exactly the same in each study (supplemental Table S1 , available at Annals of Oncology online), and RR and PFS can be affected by these differences. Moreover, the method of sample size calculation is not the same across studies. Significance of survival benefit could be affected in part by the statistical property of such designs. In addition, there is a caution if we use the data of RRs in phase II studies. RRs observed in phase III studies may tend to be lower than those in phase II studies [41, 42] .
Finally, there were four different cancer types included in our analysis. Biology and sensitivity to drugs may be different among each cancer type. These heterogeneities may influence the relation between response and survival benefit. However, there appeared to be no major differences among four cancer types in cut-off points of DRR predicting survival benefit. In addition, similar findings were observed in the linear regression analysis even if limited to lung cancer studies. Therefore, we believe our conclusion could be validated at least for lung studies.
In conclusion, our review indicated that RR increment obtained by the addition of MTA to a standard therapy was associated to survival benefit in clinical phase III trials of advanced cancer. The use of RR as an end point in screening studies of targeted agents in combination with standard therapies may help lead to successful phase III trials in terms of survival benefit, at least for lung cancer. 
